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results. In each one of the inverted cones which forms a boil the material is in a condition of flotation or suspension; individual particles rise up and fall back. The head increases a bit and then the particles in the cone rise higher and flow over the edge of the cone or boil and flow away. This is then a condition of incipient vertical piping.
With this condition, to save the dam it is necessary to quickly ring the boils with sand bags, put in a low auxiliary dam, or adopt other means so that some back pressure will be exerted on the boils. If sufficiently prompt action is taken it is usually possible to establish a condition of stability, so that the boils will just go on boiling and the water will flow out of the boils, but it will not carry material with it. In Fig. 41 is shown a case of incipient vertical piping.
To make a permanent repair, coarse sand and gravel is first placed over the area in which the boils occur and then covered with coarser stone until the added weight overcomes any tendency toward movement even at maximum head. Local vertical piping may occur even if the path of percolation is very long in relation to the head because all that is necessary is that the escape gradient should be very steep. Such local piping remote from the dam is generally not serious.
Horizontal piping occurs where the seepage water issues from the downstream face of an earth dam or natural bank with enough force and velocity to cany away particles of the materials of which the dam or the bank is composed. With horizontal piping the water sometimes almost gushes from the face and erodes the downstream face below the point of egress. The horizontal piping soon results in the formation of a small tunnel running back into the dam with the roof continually falling in and being carried away by the piping water.
Once horizontal piping has started the only remedy is to dump rock grading from fine to coarse right into the downstream face where the horizontal piping is occurring, so that an improvised drain and filter will be formed and the piping stopped. Both horizontal and vertical piping are serious and may lead to complete failure of the dam if not promptly corrected.
The possibility of serious piping may be prevented by having the path of percolation sufficiently long in relation to the head, thus reducing the hydraulic gradient, and by providing properly designed and constructed filters and drains so that a dangerous escape gradient will be avoided. (See also Arts. 21, 24 and 30.)
For safety against piping in dams the minimum ratio of length of path to head should be not less than l/h = 5, which, according to Eq. 19, with specific gravity = 2.65 and per cent of voids = 50 per cent would mean a theoretical factor of safety of 6.
In case of highly pervious foundations without cutoffs the minimum ratio of l/h should be not less than 8 for the foundation and 10 is preferable in many cases. (See Art. 30.)
Under special conditions where drainage and filter systems are specially designed for the given conditions lower ratios of l/h may be acceptable.